The purpose of this study was to investigate the durability performance of concrete that includes rice husk ash. Chloride diffusion coefficient obtained through a rapid chloride penetration test and depth of CO2 penetration obtained through a rapid carbonation test were used to evaluate latent durability. Durability characteristics for rice husk ash replacement and age were determined. Through the experiment, it was found that when the replacement ratio of rice husk ash was increased from 0% to 10%, the compressive strength of concrete containing rice husk ash was similar to that of concrete containing silica fume. This shows that the durability performance of concrete containing rice husk is excellent compared to other concretes containing admixtures.
1. Introduction
Research objective
Perceived as a semi-permanent material with good durability, rebar concrete is in wide use for civil engineering and construction structures. But if chloride penetration and neutralization cause chloride and CO 2 to penetrate into concrete, they facilitate rebar rust, and early deterioration or cracks can develop as a consequence [1, 2] . To prevent the damages that can be caused by the penetration of rebar rust ions from outside, the internal structure of concrete should be tightened. The application of an admixture is the most widely used method of controlling the ions to improve the internal structure of concrete and keep chloride from moving or penetrating [3] . Of that is generally used has a relatively low initial strength compared with OPC, fly ash(FA) does not provide a constant quality level, and silica fume(SF) has good performance but is expensive and is not produced in Korea [4] . For this reasons, rice husk ash(RHA) is being considered as a substitute for the existing admixtures, as it has similar chemical properties and shows pozzolanic reaction. More than 1.5 million tons of RHA is available because it is generated as an agricultural byproduct, and it can be recycled in a large quantity as a construction material [5, 6] . In addition, considering its chemical properties, SiO 2 accounts for more than 90%, and the particle size is small, controlling and slowing the movement of ions. The performance of RHA is similar to that of silica fume [7, 8, 9] . Likewise, RHA is currently being studied as a substitute for SF due to its filling effect and pozzolanic reaction. When added to concrete, it is believed that it will improve the resistance to rebar of concrete structures by suppressing the penetration of chloride ions and CO 2 from outside. From this perspective, this study aims to understand durability performance according the amount of RHA by performing a comparative analysis of the compressive strength of RHA-mixed concrete and existing admixture-mixed concrete, referring to the coefficient of chloride diffusion and facilitated neutralization tests.
Research method and scope
For this study, rice husk was incinerated at 600℃ for four hours and then the concrete was manufactured according to mix proportion, and was compared with concretes that used conventional admixtures.
To evaluate the basic physical properties of the concrete with rice husk ash, the compressive strength of each specimen was measured, and to observe the chloride penetration and resistance performance against neutralization, facilitated neutralization test and chloride penetration test were conducted based on NT-Build 492. Based on the tests, chloride penetration coefficient and neutralization depth were measured, and then a comparative analysis was performed to assess the durability performance of the concrete with rice husk ash.
Experiment plan 2.1 Test materials

Cement
The cement used in this study is Ordinary
Portland Cement(OPC) produced in Korea, and its physical properties are indicated in Table 1 . RHA was crushed using Ball Mill after incineration of the rice husk produced in K region in an electric furnace at 600℃, and its physical properties are indicated in Table 4 
Test factors and level
To review the impact of RHA-mixed concrete on the resistance to rebar rust, the mixing proportion of RHA was set as the main test factor.
As the test factors, the mix design was set to meet target slump of 120±25mm and air content of 4.5±1.5%. In addition, the mix proportion of RHA was set at 5, 10, 15, and 20%, and it was mixed to concrete. To perform a comparative analysis of the compressive strength of the RHA-mixed concrete and the existing admixture-mixed concrete, specimens were manufactured with mix proportion of FA was set at 10 and 20%, of BFS was set at 10, 20, and 30%, and of SF was set at 5 and 10% based on the literature review. Table 5 is the mix design used in the experiment, and the evaluation items are shown in Table 6 . To mix concrete, coarse and fine aggregate were input and dry mixed for 30 seconds, and then cement and water were added and mixed for three minutes (mixing for 1 minute→pausing for 1 minute→mixing another 2 minutes) To measure compressive strength, 12 specimens for each batch were manufactured in a cylindrical form with dimensions of Ø100×200mm, and to measure neutralization depth, 6 specimens for each batch were manufactured in a cylindrical form with dimensions of Ø100×200mm. In addition, to evaluate chloride penetration depth, 12 specimens for each batch were manufactured in a cylindrical form with Ø100×200mm in dimension. All the specimens were cured for 24 hours in wet conditions after placement, and then water cured in a water chamber where the temperature was maintained at 20±3℃ after being removed from the mold. Specimens were removed from the water chamber after a certain period of curing time, the surface was abraded within 2mm using a grinding capping machine, and the compressive strength was measured using a 200-ton Universal Testing Machine. The specimens with SF were measured to have 30% higher compressive strength than Plain. The more SF was mixed, the higher the compressive strength became. The specimens with RHA showed an increase in compressive strength up to 10% of mix proportion.
Facilitated neutralization test
However, the more RHA was mixed, the lower the compressive strength became. In particular, the compressive strength of specimens with RHA was higher than those with SF up to 10% of mix proportion. It is believed that the particles of RHA are much finer than SF, and the filling effect of RHA is better than that of SF. Figure 8 shows the depth of penetration by specimen at 56 days and 84 days. In the facilitated neutralization test, the greatest depth of penetration of Plain was measured as 7mm and 9.8mm, respectively. In terms of the specimens with BFS, the more BFS was mixed, the shorter the depth. As a possible cause, it was suggested that the BFS triggered a hydration reaction, causing the dense filling of the inside of the specimen with the passage of time, and strengthening the penetration resistance.
In terms of the specimens with FA, the more FA was mixed, the shorter the depth. But the rate of decrease was greater compared to the specimens with BFS. This was because when FA was added, the pozzolanic reaction became more activated with the passage of time, the concrete with FA was filled more densely, and the penetration resistance became strong compared to the specimens with BFS as a result.
In terms of the specimens with SF, the penetration resistance was shown to be low overall regardless of the mix proportion. In particular, when 10% SF was mixed, the depth of CO 2 penetration was measured as 4.9mm, which is the most excellent in terms of penetration resistance. For the specimens with RHA, the depth of CO 2 penetration was similar to that of the ones with SF up to 10%, which is believed to be a very good penetration resistance. As mentioned earlier, when RHA is added, pozzolanic reaction became active and fine particles of each material filled the inside the concrete more densely, which may prevent CO 2 in the air from going into the specimens. However, when more than 15% RHA is added, the penetration depth tended to increase, and if the mix proportion is higher than a certain level, it would reduce durability. was the greatest of all the specimens. BFS and FA specimens showed a similar tendency to the neutralization penetration depth.
The higher the mix proportion became, the lower the chloride diffusion coefficient. As mentioned earlier, it is believed that latent hydraulic property and pozzolanic reaction made the concrete more dense, which caused the chloride ions to be less penetrated. However, unlike the previous studies, the specimens with BFS showed slightly higher chloride diffusion coefficients than those with FA. In terms of the specimens with RHA, the chloride diffusion coefficient was shown to be very low up to a mix proportion of 10%, from which it can be interpreted that they would have an excellent chloride penetration resistance. And, when the mix proportion was set at 15% or higher, the chloride diffusion coefficient tended to increase, which was not high compared with other specimens. However, like the facilitated neutralization test results, when the mix proportion was set at higher than a certain level, the durability might be compromised. 
Conclusion
In this study, RHA was mixed as an admixture, and the compressive strength and neutralization penetration depth and chloride diffusion coefficient of the specimens with RHA were compared with those of the specimens with other admixtures. The following are the findings of this study. 1) Through the initial strength measurement, when RHA was mixed, high compressive strength developed overall, which showed a similar result when SF was mixed. When the mix proportion was set at 15% or higher, the compressive strength was retarded. 2) In terms of long-term strength, the specimens with RHA showed higher overall compressive strength, but when the mix proportion was set at 15% or higher, the compressive strength was retarded, and the appropriate mix proportion was shown to be proportion was set at a certain level or higher, they tended to decrease, and thus the optimal mix proportion was believed to be up to 10%. For the wide use of an admixture of RHA, efforts should be made to collect data on the site applicability by measuring the durability of large-sized specimens.
